Background: Decisions about interim analysis and early stopping of clinical trials, as based on recommendations of Data Monitoring Committees (DMCs), have far reaching consequences for the scientific validity and clinical impact of a trial. Our aim was to evaluate the frequency and quality of the reporting on DMC composition and roles, interim analysis and early termination in pediatric trials.
Background
Data Monitoring Committees (DMCs) are central to modern clinical trials. They play a critical role in safeguarding both the interests of study participants and the scientific integrity of randomized trials [1] This task is performed through interim monitoring of safety and efficacy out-come data, as well as vigilance over the conduct of the study and safety aspects/adverse events. One of the key activities of DMCs is to make recommendations to the sponsor or steering committee regarding the appropriateness of trial continuation. Thus, the recommendations of a DMC can influence the conclusion and interpretation of trial results and, indirectly, their implementation in clinical practice.
Experts and regulators have recently published recommendations for the appointment and operational procedures of DMCs [1] [2] [3] [4] [5] The increasing use and visibility of DMCs has fostered research into their activities [6] There is evidence of heterogeneity in their roles and policies [7] [8] [9] The wide range of interim monitoring methods that are available entails considerable variability in DMCs' riskbenefit evaluations [1, 2, 10] These issues are relevant as the analyses and decisions made by DMCs may be controversial and can influence study validity, particularly in the case of trials terminated early [11] [12] [13] [14] Assessing DMCs' recommendations requires adequate reporting of their activities and considerations. Previous studies have suggested that reporting is insufficient for various subsets of publications and types of trials [8, 11, [15] [16] [17] [18] The CONSORT statement of reporting guidelines for clinical trials includes an item on interim analysis, but no details on a DMCs' activities and considerations are required [19] There is consensus that DMCs should be a standard requirement for trials with vulnerable populations, such as children [1, 4, 5, 7, [20] [21] [22] In a recent review of pediatric trials performed until 2002, only 2% of the trials were reported to have a safety committee [23] Recent US and EU regulations that require research on medicines in children are expected to foster an increase in the number of pediatric drug trials in the coming years [24] This calls for the establishment of standards for trial conduct and reporting in this field, in which the need for transparency of the roles of DMCs is an important issue [25] We undertook a systematic review:
1. to estimate the frequency of reported use of a DMC and the frequency of reported interim analysis and early stopping in a sample of recent pediatric clinical trials; 2. to assess the quality of the reporting on the various different DMC characteristics and on information about interim analysis and early termination in these trials. 
Methods

Inclusion Criteria
Articles were included when they:
1. reported on a controlled clinical trial, randomized or quasi-randomized, investigating any type of therapeutic intervention (i.e. drug, procedure, behavioral, health strategy, or other) and including, but not necessarily confined to, participants between 0-18 years;
2. reported on the use of a DMC or interim analysis or early trial termination.
Literature Search and Study Selection
Two searches were performed by one of the authors (R.F.). A Medline abstract search was used to identify the total number of pediatric trials for each journal, in order to obtain a denominator for frequency calculations. We used Medline's filters publication type "randomized controlled trial" and age category "0-18 years", and limited results to the specific journals and period under study. A separate full-text search was performed of the eight journals for the designated period of time using three full-text databases (HighWire Press, OVID, ScienceDirect). The search strategy for this full text search was adopted from Sydes et al and Montori et al [11, 15] The resulting list of search terms, aimed at a high sensitivity, includes variations on terms related to DMC, interim analysis and early termination. For general journals, we added terms to identify trials with participants within the pediatric age range, from previously validated search strategies [26] The complete list of terms and the search strategy can be obtained from the corresponding author.
Titles and abstracts of the full-text search citation results were screened by one author (R.F.) for eligibility criteria. Two reviewers (R.F. and J.L.) subsequently screened the full text articles of included citations independently to confirm inclusion appropriateness. Any discrepancies were resolved through discussion until there was consensus. Motives for exclusion were noted and all search results were kept in database form.
Data Extraction
Information was extracted from each included study report independently by two authors (R.F., J.L.) using data collection forms that can be obtained upon request from the corresponding author. The items included general trial characteristics, i.e. trial design, funding, centres and setting, details on the disease (based on the International Classification of Diseases, 10 th edition), age of participants, trial interventions, outcomes, planned and actual sample size, recruitment, intervention and follow-up time [27] Risks of bias in terms of substandard random sequence generation, allocation concealment, blinding and completeness of outcome data were assessed using the latest Cochrane Handbook criteria (v5, 2008), and disagreements were resolved by consensus [28] There are currently only limited reporting standards for DMC related activities. Therefore, based on current literature, we defined a priori a set of parameters for data collection regarding DMC characteristics, interim analysis and early termination. For DMC characteristics and interim analysis, we consulted the book on Data Monitoring Committees by Ellenberg et al, and the report of the DAMOCLES group [1, 2] . The latter presents empirical evidence and a set of recommendations on various issues related to DMCs' policies, structure, decision-making and reporting arrangements [3] We also included the CON-SORT statement item on interim analysis [19] Early termination parameters were obtained from recent reviews addressing the implications of stopping trials early [11, 13] For all three topics there appears to be consensus in the literature on best practices for some of the parameters, but many others remain controversial [2, 7, 12, 14, 29 ] Some items were not reported in the main report of the study, but in supplementary publications (e.g. online appendix, design/protocol papers). If these were referred to in the main paper, we included them in this review.
Data Analysis
We performed a descriptive analysis of collected data, stratifying results by type of journal (i.e. whether general or pediatric). All data analyses were performed using SPSS (version 14; http://www.spss.com).
Results
Search Results and Prevalence of Reporting
Our search using Medline filters identified 648 controlled trials including pediatric subjects (249 from general journals and 399 from pediatric journals). The full-text search for DMC, interim and early termination terms identified a total of 6,823 potentially relevant records, which were screened for inclusion criteria. A flow diagram showing the yield of both searches is shown in Figure 1 . Overall 110/648 trials (17%) reported on either, or DMC, interim analysis, or early termination, and were included in this review ( 
Trial Characteristics and Risk of Bias
The main characteristics of the included trials are summarized in Table 2 . Most studies were designed as parallel, superiority trials (87%, 96/110). Two-arm, drug treatment studies were predominant (85%, 93/110, and 73%, 80/110, respectively). A placebo group was included in Risk of bias assessments are shown in Table 3 . We found average to high levels of adequacy in all parameters.
Reporting of DMCs and Interim Analysis
DMC nomenclature varied, and we identified 16 different expressions in use. "Data Safety Monitoring Board" (or similar, with conjunctions) was the most frequent (58%, 52/89), followed by "Data Safety Monitoring Committee" (16%, 14/89) and "Data Monitoring Committee" (7%, 6/ 89). The terms "external" or "independent" were added in 6% (5/89) and 30% (27/89), respectively. The remaining expressions included variations on the previously presented terms ("safety", "monitoring", "committee"), and the additional keywords "ethics" (n = 3), "monitor", and "group" (both n = 1). Authors sometimes used different expressions for DMC in the same paper [39, 90, 122, 127] In some cases, the nomenclature and lack of additional information raised doubts as to whether the group in question was a DMC, particularly when dubious terms were used (e.g. "consultant") or there was a reference to other monitoring groups ("ethics", Independent Review Board, Outcome Adjudication Committee) [40, 57, 67, 75, 107, 127] Additionally, in some papers we identified reports of an apparent role of the DMC in assessing or verifying outcome diagnoses [111, 134] Flow of citations identified through screening for pediatric trials reporting DMC, interim analysis or early termination Figure 1 Flow of citations identified through screening for pediatric trials reporting DMC, interim analysis or early termination. Full-text databases search for DMC, interim analysis or early termination and Medline search for controlled pediatric trials, using Medline's filters. In most papers DMCs and interim analyses were reported in the Methods section of the paper (89%, 93/105), sometimes in the Results (20%, 21/105) or in the Discussion (12%, 13/105) ( Table 4) . In one paper, interim analyses themselves were the main results[106] If a DMC was reported in the Acknowledgements section (66%, 69/ 105), the identity of the DMC members was always disclosed. In a few papers published in general journals other sources were referred to for additional details on DMC and/or interim analysis. These included appendices and online supplementary material on the journal website, trial design/protocol papers published in other journals, or trial or group dedicated websites [44, 45, 116, 117, 123, 124] Tables 5 and 6 show the reporting of DMC and interim analysis parameters in the included papers. The most frequently reported items in each category were the identity of DMC members (75%, 67/89) and the number of interim analyses performed (84%, 52/62), respectively. The affiliation of DMC members was reported infrequently (28%, 25/89), as was their independence from industry sponsors (37%, 33/89). The least reported items in each category were vigilance of trial conduct parameters beside safety/efficacy outcome monitoring (19%, 17/89), and the adjustment of results for interim analysis (31%, 19/62).
No article adequately reported on all DMC parameters, i.e. members' identity and affiliations, independence, monitored outcomes, vigilance of other trial conduct items, blinding to outcome data and existence of predefined stopping guidelines (Table 5 ). Nine papers (15%) reported all interim analysis details, i.e. number of analyses planned and performed, parameter defining timing of these analyses, statistical methods used and outcomes to which they were applied, and adjustment of results (Table  6 ). We found two pairs of trials conducted by the same group of researchers, published in different journals, with distinct DMC nomenclature and reporting of most parameters [73, 77, 100, 119] We also identified some discrepancies between protocols published as supplementary material and the papers' reports of DMC activities and interim analysis, e.g. reporting of one but not all statistical stopping rules [117, 124] .
Changes in protocol, most often sample size readjustments during the trial, were reported in 18% (20/110). The DMC was reported to have been involved in these decisions in 10 (50%) of these trials.
Reporting of Early Terminated Trials
The frequency of reported early terminated trials in this sample was 21% (14/68) in general journals and 43% (18/42) in pediatric journals. Four of these trials terminated one or more arms of the trial but proceeded enrolment for the remaining interventions. DMCs and interim analysis were mentioned in 21/32 (66%) and 22/32 (69%) of early terminated trials, respectively. Reporting of parameters related to early termination is presented in Table 7 . Only 28% (9/32) papers referred to early trial termination in the Title or Abstract, and 41% (13/32) addressed the implications of early termination in the Discussion section. In five trials (16%) the reason, e.g. harm, or rationale, e.g. statistical rules, for stopping early was not clear. Planned sample size was unclear or not reported in 13% (4/32) of trials, and the majority did not state predefined stopping guidelines (69%, 22/32). Statistical monitoring methods were not reported in 47% papers (15/32), while 44% (14/32) did not state the outcomes under monitoring or analysis. Only five papers (16%) reported that the final results were adjusted because of the interim analysis, e.g. by using an alpha spending approach, four (13%) of which reported all interim analysis parameters presented in Table 6 . Overall, only two trials (6%) reported all relevant methodological elements for interpretation of results from early terminated trials, i.e. planned sample size, predefined stopping guidelines, statistical monitoring methods used, rationale for early termination, timing of early stop (i.e. whether trial termination was determined by one of the interim analysis, and which parameter determined the timing of this interim), whether results were adjusted, and recommendation of DMC.
Discussion
Our study shows that the reporting of parameters related to DMCs, interim analysis and early termination in pediatric trial reports is heterogeneous and incomplete. This result is consistent with recent reviews of trials from various settings outside child health [8, 11, 13, [15] [16] [17] [18] The CONSORT statement for standards of reporting clinical trials includes an item on interim analysis, but no details on DMCs or early termination [19] We propose a minimal set of reporting parameters that will allow the reader of a trial report to assess their implications and the validity of trial results (Table 8) . Also, we propose to update the CONSORT statement accordingly. Below we discuss the various components of this minimal set of reporting parameters, as they appear -from our study -to be relevant for the correct design, conduct and reporting of pediatric trials.
Use of DMCs in Pediatric Clinical Trials
In a review of pediatric trials published until 2002, only 2% were found to refer to safety committees [23] Reporting of DMCs was more frequent in our -more recentsample of pediatric studies, but our results are comparable to those in other recent reviews covering all age ranges [15, 18] This suggests a recent increased use of DMCs, but other relevant factors probably account for this difference. First, bias may have arisen from using a selected sample of high-impact journals, as reporting of DMC may differ according to publication practices and trial results. Second, differences observed between general and pediatric journals in the current review may be confounded, as we can expect trials published in high-impact general medical journals to have characteristics which are more frequently associated with the use of a DMC (e.g. large samples, new interventions).
Deciding whether a clinical trial actually needs a DMC involves consideration of the safety of the interventions under study, the type of outcomes, and which population is included, among other items [1, 4, 5, 7] Regulators recommend considering DMC involvement in the presence of vulnerable participants, such as children, but these are mere recommendations without obligations and no further operational guidance is given [4, 5] We found that DMCs are being reported in trials with participants of different age ranges and a wide range of conditions. These include serious, potentially fatal diseases (e.g. leukemia, bronchopulmonary dysplasia), but also minor conditions (e.g. caries, pharyngitis). Pediatric trials most often have specific ethical, safety and design issues that make a DMC indispensible, and, therefore, various pediatric specialty committees recommend their use [24, [140] [141] [142] [143] Given the results of this study, we feel there is a need for a standard in the field of pediatric trials, including operational criteria for the establishment, roles and conduct of DMCs. We recommend to consider DMCs at least for pediatric trials concerning serious conditions and in which the recruitment time is long compared to the follow-up time for individual participants, which makes interim decisions with consequences for further inclusion possible.
Alternative Terminology
The use of different expressions to denote DMCs may be attributed to local or national preferences, as well as to discrepancies in DMC-related guidance documents from [5] It is particularly relevant to recognize each group's distinct and non-overlapping role in ensuring the validity of the trial [144] To avoid confusion, we recommend the use of a single expression "Data Monitoring Committee", as suggested by the DAMOCLES group (see Table 8 ) [3] Composition of the DMC The impact of DMCs' recommendations in trials calls for transparency and accountability of its members. In our review DMC members' identities were commonly reported, but not their affiliations, nor their independence. Independence is particularly relevant and relates to real or perceived conflicts of interest of each DMC member with regard to the sponsor, the intervention under study, and the regulator [1, 4, 5, 7] Three main models for the composition of a DMC have been proposed previously, with varying degrees of independence from the research team and the sponsor [1, 7, 145] First, trials may have an "internal" DMC with non-independent members, e.g. the principal investigator, or they may have a monitoring plan without a formal DMC. A second option is to include only members not (71) N (%) (91) 23 (57) N (%) (21) N (%) †refers to trials with one or more arms terminated before planned *Does not equal 100%, as some reports/articles contained data in more than one category #reporting was considered adequate when it was clear that trial termination was determined by one of the interim analyses, and on which parameter the timing of this interim analysis was based involved in the trial, except for the trial statistician, who acts as the DMC statistician. Third, all DMC members, including the statistician, are independent [7] In any case, appointment and funding by sponsors may affect this independence [4, 5] Knowing how a DMC was established is paramount for accepting the integrity and for the credibility of this DMC's decisions. Trial reports therefore should identify members and their affiliations, and disclosure of conflicts of interest should be made available. They should also make a clear statement about their independence, possibly with an operational definition (see Table 8 ).
Tasks of the DMC, Monitoring and Interim Analysis
Our findings show inadequate reporting on which roles were taken by a DMC and how they were performed. Ellenberg et al states that monitoring safety, efficacy and other trial conduct parameters are among main DMC activities [1] Activities should be clearly agreed upon and defined in advance by DMC members, trial sponsors and investigators, preferably using a "charter" [3] Outcome data may be monitored in a number of ways, particularly safety data, which can include either or both adverse events and other safety/efficacy outcomes [146] Whether the protocol included a predefined statistical monitoring plan Number of planned interim analyses Timing of planned interim analyses and parameter defining timing (i.e. participants or person-time recruitment, number of endpoints, ad hoc time interval) Type of analysis planned (i.e. efficacy, harm, futility, and/or sample size adjustment), specific statistical methods used (with references and uniform terminology), description of boundaries (i.e. their symmetry, p-value/confidence interval, and adjustment, if applicable), and outcome(s) to which they were applied (i.e. primary/secondary, any subgroup analysis) Any formal predefined stopping rules, to which outcome(s) did they apply, and whether they included statistical boundaries and/or other considerations Whether the statistical monitoring plan was completed as planned; if not, which changes were performed, and their rationale Adjustment for multiple analysis in final results (i.e. reported p-values and/or confidence intervals) Recommendations to the sponsor/steering committee DMC recommendation regarding continuation or termination of the trial (with or without adjustments in protocol) Rationale (i.e. statistical boundaries and/or other considerations) Whether the sponsor followed the DMC's recommendations
Early terminated trials
Motive(s) for termination (e.g. efficacy, harm, futility, recruitment) All previously stated items, particularly rationale for early termination (including predefined statistical monitoring plan, type of analysis, predefined stopping rules, and DMC recommendation), and adjustment for multiple analysis and early termination in final results Timing of early termination i.e which of the interim analyses led to trial termination, and on which parameter the timing of this interim analysis was based (e.g. number of participants enrolled, predefined number of endpoints) Planned and final sample size Total number of events after which the trial was terminated, including definition of these events Discussion of implications of early termination (i.e. concerning type I and II errors) Report early termination in the abstract of the paper †These recommendations are for main reports; further details could be available using other modes of publication (e.g. online appendices, trial design/protocol papers, web-based repositories), to which the report should refer to; planned items of this minimal set of parameters should be included in prospective trial registries. *Based on the book by Ellenberg et al, and the report of the DAMOCLES group [1] , [2] . #Particularly regarding safety-whether it included adverse events and/or main efficacy outcomes.
There is controversy as to the blinding of DMCs [7] Reporting of these procedural aspects is needed to allow clinicians to judge decision-making (see Table 8 ).
We found discrepancies in reporting of the statistical monitoring plan and the use of interim analysis. Ellenberg et al highlight the relevance of predefined stopping guidelines, including a prudent use of statistical boundaries [1] Indeed, performing multiple looks at data through interim analyses without correction can lead to multiplicity problems, with increased risk of type I error [147] A number of statistical monitoring methods have been developed to overcome this issue, among which the frequentist, Bayesian and likelihood approaches [2] As each statistical method has different assumptions and implications, reporting should be clear and unequivocal [2, 10, 29, 148] Additionally, there are differences between analyses aimed at efficacy, harm or futility, as well as the possible use of alternative trial designs (e.g. adaptive) [149] This is compounded by a nomenclature which is often inconsistent and overlapping (e.g. "adaptive designs" vs. "sample size reviews") [149] Clear reporting should allow readers to identify these methods and their impact of on type I and II error risks (see Table 8 ).
Early Terminated Trials
We found similar deficiencies in reporting on early termination as were reported previously in other samples of trials [11, 16, 17] A significant number of early terminated trials did not report on the existence of a DMC or on its role in early stopping. This raises doubts as to which trial oversight group recommended termination, and whether this recommendation was issued independently from sponsor and principal investigators.
Understanding the rationale for early termination is paramount to a correct assessment of the validity of trial results. This implies knowing which, if any, statistical monitoring methods and stopping rules or guidelines were used, for which outcome (whether primary or secondary), and at which stage of the trial [11, 13] It may be relevant in some cases to check if the results were corrected for multiplicity [147] The ongoing controversies regarding early termination highlight the need for transparent reporting of these items (see Table 8 ).
Risks of early termination for benefit include implausibly large treatment effects [11, 12, 150] Additionally, futility analyses and protocol changes, like sample size reviews and adaptive designs, may interfere with the overall power of the trial [10, 148, 149] The majority of authors did not discuss these implications of early termination in their report. Because readers often base their assessment of a trial solely on information in the abstract, this should clearly report early termination and its rationale, as recommended in the latest CONSORT statement extension for journal and conference abstracts [151] Strengths and Limitations of this study Our full-text search strategy allowed a thorough review of all published content in the selected journals. This strategy was chosen since the reporting of DMCs, interim analysis and early termination is not indexed in Medline records, and it is often not reported in the abstract. We opted to use Medline's filters to identify pediatric controlled trials, although we can expect some indexing inaccuracies.
We only analyzed published reports, and we did not contact authors to evaluate whether DMC and interim analysis were used but not reported. This will likely lead to an underestimation of their actual use, as previously observed with the reporting of other trial methodology issues [152] Reports of studies in which DMCs had an active role, particularly when early termination decisions were taken, may be also more likely to report details on their activities. A relatively large proportion of trials from general journals included adult participants. Results from these trials may not apply to studies that were designed to include children exclusively, as these trials may differ for example regarding the presence of a DMC and its tasks and procedures.
The sample of trials for our review was chosen from recent volumes to have an estimate of current practice. Most of these trials were, however, designed, conducted and published before the latest standards for DMC use (i.e. DAMOCLES) were published. We expect that DAMOCLES will have a future impact on trial design, conduct, and reporting [3] There was a moderate to high level of adequacy in the reporting of risk of bias parameters indicating good adherence to the CONSORT statement on these items. These results show that there is an apparent shortcoming in the reporting of DMCs, interim analyses and early termination, even in trials which appeared well designed and reported in other aspects. Until CONSORT requires more information of DMC activities, we expect that reporting will remain poor. Therefore, we propose to update the CONSORT statement according to the recommendations described below.
Recommendations for Reporting of DMC, Interim Analysis and Early Termination (Table 8)
We agree with the EQUATOR Group that continued efforts are needed to improve reporting quality, by updating and disseminating current standards [153] With the current increase of clinical trials in child health, and given our results, we feel this has become urgent in this field. We propose a list of reporting items on DMC terminology, composition, tasks, and recommendations, on statistical monitoring methods and interim analysis, and on early termination parameters. This could be considered in the next CONSORT revision. Space limitations should not preclude transparent reporting, given the current possibilities of online publishing. Discussion should be started on the inclusion of this minimal set of parameters in design/ protocol papers and trial registries [154, 155] 
Conclusion
Reporting of DMC activities, interim analysis results and early termination of pediatric trials is incomplete and heterogeneous. New standards for the reporting of these parameters are necessary in order to evaluate their impact on the validity of trial results.
